Tuberculosis (TB) is caused by infection with *Mycobacterium tuberculosis* (MTB) and is associated with considerable morbidity and mortality, especially among immunocompromised individuals.\[[@ref1]\] Fortunately, in most patients, the infection is controlled by the immune system and a latent TB infection (LTBI) does not progress to active disease. However, immunocompromised individuals such as hemodialysis (HD) patients are at an increased risk of LTBI activation because their cellular immunity is compromised.\[[@ref2]\] Compared with the general population, the risk of developing active TB is 7.8--25.0-fold greater in HD patients.\[[@ref3]\] Therefore, early diagnosis of LTBI and treatment of HD patients infected with MTB are important to reducing the incidence of TB.

Prevention of active TB development is critically dependent on the sensitivities of tests used to identify patients with LTBI. The classic diagnostic method is the tuberculin skin test (TST), which unfortunately has many well-known limitations. In addition, TST sensitivity is low in immunocompromised patients.\[[@ref4]\] Specificity is limited by the cross-reactivity of the purified protein derivative (PPD) with the Bacillus Calmette--Guerin (BCG) vaccine and most nontuberculous mycobacteria (NTM).\[[@ref4]\] Therefore, the TST cannot be used to reliably rule out either active TB or LTBI.

A major development in TB diagnosis during the past decade was the development of new generation tests termed interferon-gamma (IFN-γ) release assays (IGRAs), which measure *in vitro* T-cell responses to MTB-specific antigens.\[[@ref5]\] The QuantiFERON-TB Gold In-Tube test (QFG-IT), one of the two commercial IGRAs, measures antigen-specific IFN-γ secretion by peripheral blood CD4^+^ T lymphocytes in response to *in vitro* stimulation with the ESAT-6, CFP-10.\[[@ref6]\] These antigens are absent from *Mycobacterium bovis* BCG and most NTM and replace the PPD of the TST.\[[@ref5][@ref6]\] As a result of studies, IGRAs are superior to the TST in terms of detecting TB or LTBI in HD patients.\[[@ref7][@ref8][@ref9][@ref10]\]

The most important risk associated with LTBI is the development of active disease. This occurs in 5--10% of LTBI patients, usually within 2 years after infection.\[[@ref11]\] However, the risk is higher in patients with compromised immune systems than in immunocompetent patients (10% annually).\[[@ref12]\] Active TB can develop in as many as 28% of HD patients in countries where TB is endemic such as Turkey.\[[@ref13][@ref14]\] Thus, it is vital to detect and prophylactically treat HD patients with LTBI and to schedule a close follow-up in terms of active disease development. This would both reduce the mortality and prevent possible patient-to-patient transmission. However, only a study has explored the ability of the TST and IGRA to predict the development of active disease in HD patients.\[[@ref9]\] The aim of this study was to determine the prevalence of LTBI in HD patients and assess the predictive utility of the QFG-IT and TST over a 5-year period in terms of the development of active TB.

Methods {#sec1-1}
=======

The study group included 95 chronic renal failure (CRF) patients who underwent regular HD and ninety age-matched healthy controls between April 2010 and May 2010. Baseline characteristics of the study subjects are shown in [Table 1](#T1){ref-type="table"}. Exclusion criteria for subjects were suspicion of active TB infection, use of immunosuppressive drugs, and other known immunodeficiency status (human immunodeficiency virus \[HIV\] infection, malignancy, or liver diseases, etc.). The study was approved by the ethics committee of our hospital. The research was carried out in accordance with the Declaration of Helsinki of the World Medical Association.

###### 

Demographic characteristics, laboratory findings and results of tuberculin skin test, and QuantiFERON-Tuberculosis Gold In-Tube test of the study participants

![](ATM-11-114-g001)

Assessing previous exposure and tuberculosis risk factors {#sec2-1}
---------------------------------------------------------

Information about other illnesses, history of TB infection, and known exposure to TB patients was collected via interviews. BCG vaccination status was ascertained from a self-reported vaccination history or the detection of a BCG vaccination scar on visual inspection.

Radiological assessment {#sec2-2}
-----------------------

Chest X-rays were reviewed by one radiologist. All radiograph reports were reviewed for findings consistent with previous TB infection, including upper lobe fibronodular disease, granulomata, calcified mediastinal lymph nodes, pleural thickening, and any other changes consistent with "prior granulomatous disease" or "prior tuberculosis," as stated in the radiologist\'s final report.

Tuberculin skin testing {#sec2-3}
-----------------------

TST was performed using the Mantoux method intradermally on the volar surface of the forearm with 0.1 mL (5 TU) of PPD (Intervax Biologicals, Markham, Ontario, Canada). Responses were read on the subjects\' next 48--72 h after TST. A positive TST was defined as an induration of \>10 mm for HD patients and BCG-unvaccinated healthy controls and a duration of \>15 mm for BCG-vaccinated, healthy controls.\[[@ref15]\] Subjects with \<10 mm of induration on initial testing were administered a second TST 1 week later to elicit a potential booster response.

Whole blood stimulation {#sec2-4}
-----------------------

For the test, 1 mL of whole blood was drawn in each of three Vacutainer tubes provided with QFG-IT system (Cellestis, Carnegie, Australia), a new generation QuantiFERON-TB (QFT) test. These tubes are already precoated with saline (negative control), the ESAT-6 and CFP-10 peptides and TB 7.7 antigen (antigen-stimulated), and phytohemagglutinin (positive mitogen control). The tubes were mixed and incubated at 37°C for 20--24 h when the plasma was harvested and frozen until further analysis. This plasma provided the unstimulated, antigen-stimulated, and mitogen-stimulated supernatant samples.

Interferon-gamma quantification {#sec2-5}
-------------------------------

IFN-γ was measured by an enzyme-linked immunosorbent assay using the QFG-IT test, according to the manufacturer\'s instructions.\[[@ref16]\] A result of ≥0.35 IU/mL IFN-γ in the TB antigen tube minus the negative control tube was considered a positive result. If the level was less than this and the mitogen control was positive (≥0.5 IU/mL), a negative result was recorded. If the level in both the TB antigen and mitogen tubes was less than the threshold for positive or the level in the nil tube was \>8.0 IU/mL, then an indeterminate result was recorded.

Follow-up {#sec2-6}
---------

Subjects were followed up over a period of 5 years for the development of active TB disease. The diagnosis of active TB was based on the following criteria: (1) Positive cultures of MTB from specimens and/or (2) positive result of TB polymerase chain reaction and/or (3) clinical, radiological, and pathological findings.

Statistical analysis {#sec2-7}
--------------------

All statistical analyses were performed using SPSS for Windows (version 16.0) SPSS Inc., Chicago, IL. Variables are presented as the mean or median with the standard deviation. Student\'s *t*-test was used to compare mean values and the Mann--Whitney U-test was used to compare median values. The Chi-square test and Fisher\'s exact test were used to compare frequencies. Independent variables with *P* \< 0.15 from the univariate analyses were reanalyzed using multivariate logistic regression analysis. All tests were two-tailed, and *P* \< 0.05 was considered significant.

Results {#sec1-2}
=======

Tuberculin skin test results {#sec2-8}
----------------------------

The TST was positive in 32% of HD patients and 31% of healthy controls (*P* = 0.41) \[[Table 1](#T1){ref-type="table"}\]. In univariate analysis, a positive TST result was most closely associated with a history of BCG vaccination in HD patients (*P* = 0.03). On multivariate analysis, patients with a positive TST result was significant with a history of BCG vaccination (*P* = 0.032) \[[Table 2](#T2){ref-type="table"}\].

###### 

Univariate and multivariate analysis of risk factors for a positive tuberculin skin test
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QuantiFERON-tuberculosis In-Tube results {#sec2-9}
----------------------------------------

Positive QFG-IT test results were significantly more common in HD patients (41%) than healthy controls (25%) (*P* = 0.04) \[[Table 1](#T1){ref-type="table"}\]. In univariate analysis, a positive QFG-IT result was most closely associated with a history of prior TB (*P* = 0.03) and chest X-ray changes consistent with old TB (*P* = 0.01). On multivariate analysis, patients with a positive QFG-IT result were significantly more likely to have had chest X-ray changes consistent with old TB (*P* = 0.013) \[[Table 3](#T3){ref-type="table"}\].

###### 

Univariate and multivariate analysis of risk factors for a positive QuantiFERON-Tuberculosis Gold In-Tube test
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Follow-up and progression to active tuberculosis {#sec2-10}
------------------------------------------------

In total, 185 patients were followed up for 906.6 person-years (pys); the mean follow-up time was 4.9 years (58.8 months). Four HD patients and one healthy control developed active TB \[[Table 4](#T4){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\]. The overall rate of development of active TB disease in this study cohort was 0.55 cases/100 pys (95% confidence interval 0.34--5.06). This rate was higher in HD patients than healthy control (0.87/100 pys vs. 0.22/100 pys), but the difference was not statistically significant (*P* = 0.43). For active TB discovered subjects, QFG-IT was positive in all, but TST was positive in two (one HD patient and one healthy control). Extrapulmonary presentations of TB were noted in 3 of 4 (75%) HD patients; these were pleuritis (*n* = 1) and mediastinal lymphadenitis (*n* = 2). One HD patients and one healthy control progressed to cavitary pulmonary TB \[[Table 5](#T5){ref-type="table"}\].

###### 

Characteristics of tuberculosis discovered subjects during 5 years of follow-up
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![Patients and controls recruited into the study, their TST, QFG-IT results and TB developed subjects. TB: Tuberculosis, QFG-IT: QuantiFERON-TB Gold In-Tube test, TST: Tuberculin skin test](ATM-11-114-g005){#F1}

###### 

Comparison of the characteristics of tuberculosis discovered and not discovered hemodialysis patients
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Among HD patients, the ratio of QFG-IT positivity (*P* = 0.012) and chest X-ray changes consistent with old TB (*P* = 0.02) were significantly high in active TB developed patients \[[Table 5](#T5){ref-type="table"}\]. In HD patients, the sensitivity, specificity, and positive and negative predictive values of the QFT and TST for detection of active TB were 100% and 25%, 62% and 67%, 10% and 3%, and 100% and 95%, respectively. Receiver operating curve analysis revealed that the results of the two tests differed significantly (area under the curve: 0.86 and 0.50, respectively, *P* = 0.04) \[[Figure 2](#F2){ref-type="fig"}\].

![Receiver operating curve curves showing predictive value of TST and QFG-IT in active tuberculosis development in HD patients. QFG-IT: QuantiFERON-tuberculosis Gold In-Tube test, TST: Tuberculin skin test](ATM-11-114-g007){#F2}

Discussion {#sec1-3}
==========

Accurate diagnosis of LTBI in HD patients is important to prevent acute MTB infection, particularly because HD units per se contribute significantly to the spread of infectious TB.\[[@ref17]\] The sensitivity and specificity of the TST routinely used to diagnose LTBI are low in HD patients.\[[@ref4]\] Recent studies have shown that the QuantiFERON-TB-Gold (QFT-G) is superior to the TST in such patients.\[[@ref7][@ref8][@ref9][@ref10]\] We explored the utilities of the TST and QFG-IT in terms of predicting the development of active TB over a 5-year period in healthy controls and HD patients. We found that QFG-IT positivity was significantly higher than TST positivity and that the QFG-IT was better than the TST in terms of predicting TB development in HD patients.

The TST is very sensitive in immunocompetent individuals. However, in immunocompromised populations, sensitivity declines in parallel with the decrease in cellular immune system function.\[[@ref18]\] TST sensitivity is low in HD patients; uremia is a well-known risk factor for impairment of the cellular immune response, explaining the lack of sensitivity.\[[@ref4][@ref19]\] One disadvantage of using the TST to diagnose TB or LTBI is false-positivity caused by BCG vaccination.\[[@ref4]\] The high prevalence of such vaccination in Turkey has significantly reduced the utility of the TST because the PPD cross-reacts with the BCG vaccine. In this study, the LTBI prevalence in HD patients detected using the TST was significantly lower than that detected using the QFG-IT (32% vs. 41%). Moreover, as previously reported, we found that the most significant factor affecting TST positivity in HD patients was a history of BCG vaccination. Thus, as previously found, the diagnostic utility of the TST in terms of LTBI was low in HD patients.

A new *in vitro* IGRA test, the QFT-G (Cellestis Limited, Carnegie, Australia) has received final US Food and Drug Administration approval for use in LTBI diagnosis.\[[@ref6]\] Because this IFN-γ-elicitation test is highly specific, the ESAT-6/CFP-10-based QFT-G better discriminates between true infection and cross-reactivity, eliminating the (unpredictable) influence of BCG and NTM on TST findings. IGRAs have been used to study various types of immunocompromised patients, including those with HIV infection undergoing HD and those with silicosis or cancer.\[[@ref7][@ref8][@ref9][@ref10][@ref20][@ref21][@ref22]\] Although IGRA responses are slightly lower in immunosuppressed than immunocompetent individuals, the IGRA positivity rate is substantially higher than the TST positivity rate.\[[@ref21]\] The QFT-G has been shown to be superior to the TST in the evaluation of HD patients.\[[@ref7][@ref8][@ref9][@ref10]\] Some studies found that IGRA data correlated better with LTBI risk factors than did TST results.\[[@ref9][@ref10]\] In univariate analysis, the risk factor for LTBI diagnosis in HD patients was QFG-IT positivity, suggesting that the QFG-IT better detects TB risk factors. In addition, the QFG-IT was more accurate than the TST in terms of LTBI diagnosis in HD patients (41% vs. 32%, respectively). Thus, the QFG-IT detected and diagnosed LTBI more effectively than did the TST.

TB remains a significant problem in patients undergoing long-term HD. Such patients are at a 6--16-fold higher risk of development of active TB than the general population, especially in developing countries.\[[@ref3][@ref23]\] This risk is attributable to an increased likelihood of progression from LTBI to active disease, probably because cell-mediated immunity is impaired in those with end-stage renal disease (ESRD).\[[@ref2]\] Only one prior study used both the TST and the QFT-G to predict the development of active TB in HD patients.\[[@ref9]\] In the cited work, 64 subjects (32 in a healthy group and 32 in an HD patients group) were followed up for 2 years after testing in terms of the development of active TB. The TST was positive in 62.5% of patients and 46.9% of healthy subjects, and the QFT-G was positive in 40.0% of patients and 12.0% of healthy subjects. Active TB developed in only two patients. The sensitivity, specificity, and positive and negative predictive values of the QFT-G were 100.0%, 62.1%, 8.3%, and 100.0%, respectively. However, it was concluded that the QFT-G was not notably superior to the TST when used to predict active TB. In this study, the TST positivity rate in HD patients and healthy controls was 32% and 31%, respectively, while the QFG-IT positivity rate was 41% and 25%, respectively. The sensitivity, specificity, and positive and negative predictive values of the QFG-IT were 100%, 62%, 10%, and 100%, respectively. Four patients developed active TB; the QFG-IT result of all four was positive, whereas the TST was positive for only one patient. In addition, in three HD patients developed active TB, TST was negative, whereas among QFG-IT result was negative patients, active TB was not developed in any. In addition, the QFG-IT was superior to the TST when used to predict the development of active TB in HD patients. Our findings suggest that, in HD patients, QFG-IT did better than TST in detecting LTBI and predicting active TB.

Active TB in HD patients is often extrapulmonary (50--85% of patients) and difficult to diagnose. Initiation of curative treatment may be delayed, the period of potential transmission from pulmonary cases can be prolonged, nonspecific symptoms mimicking uremia may develop, and mortality may increase.\[[@ref24]\] Several studies have found that nonspecific symptoms at presentation in patients with extrapulmonary TB can delay diagnosis.\[[@ref23][@ref25]\] Extrapulmonary TB usually presents as lymphadenitis and peritonitis.\[[@ref23]\] In our study, three of our four patients diagnosed with active TB during the 5-year follow-up period had extrapulmonary manifestations (mediastinal TB lymphadenitis, two cases; pleuritis, one case). Because extrapulmonary TB is common in HD patients, and because presentation may be nonspecific, a high index of suspicion is required when screening for TB; invasive interventions may be required.

Many active TB cases develop during the 1^st^ year of dialysis,\[[@ref3][@ref23]\] probably because of the poor general health status of some patients at the commencement of HD, when immunity may be most profoundly depressed. The pathogenesis of TB in longer-term (\>1 year) HD patients differs from that in uremic patients. Although a uremic status improves on maintenance HD, the progression of comorbidities is associated with a risk of active TB development.\[[@ref24]\] Poorly controlled diabetes, the progression of malignancies, and the use of immunosuppressive agents have been recorded in patients with longer HD durations.\[[@ref24]\] These results are consistent with the current findings.\[[@ref23][@ref25]\] Of the patients with active TB, 75% developed TB during the 1^st^ year of dialysis.

Among patients with LTBI, groups at high risk for the development of active TB include those with advanced HIV infection, those with lesions suggesting old healed TB on chest radiographs, those with CRF, those with poorly controlled diabetes, those with silicosis, those who are underweight (\>10% below normal), and those who have undergone gastrectomies.\[[@ref26]\] Among these, the presence of radiographic lesions consistent with old healed TB is one of the strongest risk factors for the development of active TB.\[[@ref26]\] Our study confirmed that the presence of radiographic lesions consistent with old healed TB is significant risk factors for the development of active TB in HD patients.

Our study has some limitations. First, as an inevitable limitation, there is no gold standard for LTBI. Second, in our study, TB risk factors, such as a history of TB or contact with TB cases at home or work, were evaluated from the history. History data of the subjects may have been affected by limitations in the patient recall. Finally, the treatment of LTBI in ESRD patients is not currently a part of the TB control program in Turkey. Hence, we did not treat LTBI detected HD patients prophylactically.

Conclusion {#sec1-4}
==========

We suggest that QFG-IT positivity is more sensitive than TST in the prediction of the development of active TB in HD patients. Hence, LTBI diagnosis using QFG-IT in HD patients and prophylactic treatment of QFG-IT positive ones is recommended.
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